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It  was  previously  reported  that  tissues prepared  by bacteria or 
their soluble products undergo severe injury when acted upon by toxic 
principles resulting from intravascular interaction of animal protein 
antigens  (i.e.,  horse serum, egg albumin, etc.) with homologous anti- 
bodies.  The interaction can be obtained ir~ one of the following ways: 
By separate intravenous injections of the antigen and the antibody; 
by  intravenous  injection of  the  antigen  into  an  animal possessing 
actively acquired homologous antibodies; by injection of the antigen 
into the prepared area with a  simultaneous intravenous injection of 
the antibody; and by injection of the antigen into the prepared a~ea 
in rabbits possessing actively acquired antibodies.  In the latter case, 
there apparently occurs intravascular formation of the toxic principles 
at the site of the locally injected antigen with the circulating actively 
acquired antibodies.  No similar reactions are obtained when normal 
rabbits  (i.e.,  those receiving no preparatory injection of bacterial fil- 
trate) are injected intradermaUy either with the serum precipitinogen 
or the precipitating antiserum and after various intervals of time, rein- 
jected intravenousiy with the precipitating antiserum in the case of the 
former, and with the serum precipitinogen in the case of the latter. 
Moreover, mixtures of serum precipitinogen with precipitating anti- 
serum capable of eliciting severe hemorrhagic necrosis when injected 
intravenously, in skin sites prepared with a potent bacterial filtrate, 
consistently fail to prepare the skin for the provocative intravenous 
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Foundation. 
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injection of bacterial  filtrates.  Thus,  the antigen  +  antibody com- 
plexes,  whilst  endowed  with  the  reacting  potency  described,  are 
lacking in the skin-preparatory  potency  (Shwartzman  (1)). 
It was already shown that  in the phenomenon of local skin  reac- 
tivity to bacterial filtrates, the preparatory injection of the bacterial 
filtrate is made into the tissues (perivascular preparation), whilst the 
provocative injection is made intravascularly.  In recent experiments 
it was found that the bacterial filtrates could also dicit the necessary 
preparatory effect by way of the vascular system provided the locali- 
zation of the preparatory factors from the blood stream was allowed 
through  the  use  of  some  accompanying  agent  (heat,  Reynals'  tes- 
ticular  extract)  (Shwartzman  (2)). 
The purpose of the investigation  embodied in this paper was two- 
fold:  To  determine  whether  an  intravascular  interaction  of  locally 
injected  animal  protein  antigen  with actively acquired  antibodies is 
capable of eliciting the  state of reactivity to bacterial filtrates;  and 
also to determine whether bacterial filtrates injected intravascularly 
are capable of eliciting a  locai state of reactivity to antigen  +  anti- 
body complexes interacting  intravascularly. 
EXPEI~r~rENTAL 
The Effect of Active Bacterial Filtrates upon Sites Injected with Horse 
Serum in Rabbits Sensitized  to Horse Serum.--Before proceeding with 
the experiments  summarized  in Table I,  it was important  to  ascer- 
tain  again whether the normal horse serum employed possessed any 
skin-preparatory  potency in  normal  rabbits  (i.e.,  those receiving no 
previous sensitizing  injection of horse serum) 
For this purpose, batches of rabbits were prepared by intradermal injection of 
0.5 cc., 0.75 cc., and I cc. of normal horse serum, respectively.  A group of ten 
rabbits was used for each of the above doses of horse serum.  The rabbits of each 
group were further subdivided into subgroups A and B; subgroup A receiving 25 
reacting units of meningococcus 44B. filtrate T.2041 intravenously, and subgroup 
B receiving 50 reacting units of the same filtrate.  Most of the rabbits  of sub- 
group A of each of the groups survived and showed no reactions.  About 50 per 
cent of the rabbits of subgroup B died following the intravenous injection of the 
bacterial filtrate.  One of the surviving rabbits  showed a doubtful hemorrhagic 
reaction at the site prepared with 0.75 cc. of normal horse serum.  The remain- 
ing rabbits  were negative.  It may be concluded that normal horse serum era- GREGORY  SHWARTZMAN  531 
ployed in  these experiments, when injected  intradermally even in  amounts up 
to 1 cc., fared to elicit the state of reactivity to bacterial filtrates. 
In the experiments described below rabbits received one sensitizing intravenous 
injection of normal horse serum in a dose of 1 cc., per kilo of body weight.  The 
intradermsl tests with horse serum were made 6 days after the intravenous sensi- 
tizing injection; rabbits thus sensitized  and otherwise untreated gave no signifi- 
cant  reactions outside  of slight erythema  and  occasionally edema.  As is well 
known, the Arthus phenomenon requires repeated sensitizations over a period of 
several weeks.  0.5 cc. was used for the test injections;  preliminary experiments 
showed that doses smaller than 0.5 cc. may give inconsistent results.  The above 
treatment was combined with injections of bacterial filtrates.  The positive reac- 
tions described in this paper were hemorrhagic and necrotic lesions typical of the 
phenomenon of local skin reactivity to ba.cterial filtrates.  They were considered 
prompt when they appeared 3 to 5 hours after the intradermal test injection with 
horse serum and delayed when they developed 24 hours later. 
As is seen from Table I, sensitized rabbits receiving intravenous injections of 
bacterial filtrates simultaneously with the intradermal test with horse serum and 
1 hour following it, showed no prompt local reactions (groups 1, 2, 3,  11, 12, and 
16).  In one rabbit, the intravenous injection of 75 units of meningococcus  ill- 
trate, given 1 hour after the intradermal test with horse serum, gave a delayed 
reaction  (group  13).  When  the intravenous injection of bacterial filtrates was 
given 6,  18,  and  24  hours  following  the  intradermal injection  of horse serum, 
hemorrhagic  reactions  appeared  in  the  sites  tested.  The  reactions  appeared 
promptly in groups 4, 5, 6,  7, 8,  14, and 18.  Exception was noted only in one 
rabbit (one delayed reaction, group 18).  No reactions were obtained when the 
interval of time between the intravenous injection of bacterial filtrate and the 
intrsdermal test with horse serum exceeded 24 hours (groups 9 and  10). 
As is seen, the intradermal tests with 0.25 cc. of horse serum (i.e.,  group 19) 
in the sensitized rabbits gave no reactions, while  0.5  cc. of horse serum gave a 
reaction in 1 out of 21 rabbits tested (i.e.,  group 20).  Moreover, aU the rabbits 
of groups 19 and 20 were also injected intravenously with i  cc. of horse serum 
24 hours after the intradermal tests (this part of the experiment not included in 
Table I).  The intravenous injection produced no effect upon intradermal tests 
with 0.25 cc.  In the group which received 0.5 cc. intradermally the subsequent 
intravenous injection enhanced the previously positive test in the rabbit described 
above and elicited a  mildly hemorrhagic reaction in  two rabbits at the  site of 
previously negative intradermal  tests.  In one rabbit,  the  reaction appeared 4 
hours, and in the second one 24 hours after the intravenous injection. 
The  following  two  explanations  of  the  results  of  the  experiments 
summarized  in  Table  I  suggest  themselves.  (a)  Local  state  of  re- 
activity  may  be  elicited  by  the  interaction  of  the  locally  injected 
horse serum with the circulating anti-horse antibodies of the sensitized 532  LOCAL  SKIN  REACTIVITY  TO  BACTERIAL  FILTRATES 
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rabbits.  The  reactive  site  thus obtained  may  then  react  with  the 
bacterial filtrate injected intravenously after a suitable period of time. 
(b)  It is also possible, however,  that  the preparatory  factors of the 
bacterial  filtrate  injected  intravenously  localize  at  the  site  of  the 
intradermal  injection  of horse  serum  in  the  sensitized  rabbits,  and 
then, in turn, induce at this site a state of reactivity to the interaction 
of  locally  injected  horse  serum  with  actively  acquired  anti-horse 
antibodies.  As  mentioned  in  the  introduction,  potent  bacterial 
filtrates  may produce  a  preparatory  effect by way of  the  vascular 
system  provided  some  local  change  raises  the  permeability  of  the 
blood vessels, thus allowing their passage into the perivascular tissue. 
It is significant in this connection that the incubation period necessary 
to  induce  the  state  of reactivity in  this  manner,  may be less  than 
2  hours.  It  is  possible,  therefore,  that  the  inflammatory  reaction 
produced by the intradermal  injection of the horse serum into sensi- 
tized rabbits may permit a localization of the sort with a  subsequent 
elicitation of the state of reactivity to the reacting factors resulting 
from the antigen  +  antibody interaction. 
In  order to elucidate the mechanism  of the  reactions obtained  in 
experiments of Table I, advantage was taken of the previous observa- 
tions that  the skin-preparatory  potency of certain  bacterial  filtrates 
is not  necessarily parallel  to  its reacting  potency.  Thus,  quite fre- 
quently meningococcus culture filtrates may possess a  high  reacting 
potency with a  low preparatory potency,  whilst B.  typhosus  culture 
filtrates  may  have  a  skin-preparatory  potency  considerably  higher 
than  that of meningococcus with a  reacting potency lower than  that 
of meningococcus.  This is illustrated in the titration of skin-prepara- 
tory factors against a constant reacting dose, as recorded in Table II. 
In experiments recorded in Table III, rabbits  were sensitized by an intrave- 
nous injection of 1 cc. of horse serum.  With the exception of groups 9, 10, and 
11 the period of sensitization was 6 days.  Bacterial  filtrates were injected in- 
travenously preceding the skin tests at time intervals ranging from 1 to 96 hours 
(groups 1-7, 9-14, and 16-21).  In  groups 8 and 15, the bacterial filtrates were 
injected subcutaneously.  Active and inactive  bacterial filtrates were employed. 
Among the active ones there were those of both high skin-preparatory and provoc- 
ative  potencies  (B.  typhosus filtrates),  those of high skin-preparatory  potency 
and lesser provocative  potency  (meningococcus and B. enterilidis filtrates), and 
those with moderate provocative potency but inactive as  skin-preparatory  fac- 
tors (Streptococcus hemolyticus and B. tuberculosis filtrates). ~4  LOCAL  SKIN  REACTIVITY  TO  BACTERIAL  FILTRATES 
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When  the intravenous  injection  of B.  typhosus  "agar  washings" filtrates  (5 
to 25 units) preceded by 1 hour the  intradermal test with horse serum in rabbits 
sensitized to horse serum, there  developed severe but delayed local reactions 
(groups 1 and 2).  No reactions were obtained in sites of horse serum tests  if 
preceded 6 hours before by the intravenous injection of B. typhosus "agar wash- 
ings" filtrates in a dose of 25  units  (group 12).  When the B. typhosus filtrate 
was injected 18 and 24 hours prior to the test, there appeared delayed and  also 
some prompt  reactions (groups 13 and  14, respectively). 
With longer intervals of time between the injections of the bacterial filtrate 
and the intradermal  tests with horse serum, no reactions appeared  (48 hours-- 
group  16, and  96 hours--group  17). 
As may be seen from the data thus far presented, filtrates endowed 
with reacting potency but devoid of skin-preparatory  factors fail to 
elicit the reactions.  When B. enteritidis filtrates possessing both skin- 
preparatory and reacting potencies are employed, the dilutions repre- 
senting  15  skin-preparatory  doses also  fail to  elicit  the  reactions  in 
spite of the fact that they may contain as many as 25 reacting units. 
Convincing results, however, are afforded by comparison of the effect 
of B. typhosus and meningococcus filtrates.  As is seen from Table II, 
the  skin-preparatory  potency  of  B.  typhosus  is  approximately  five 
times  higher  than  that  of meningococcus filtrate.  In  contrast,  the 
reacting  potency of B.  typhosus filtrate  is  three  and  one-half  times 
lower than  that of meningococcus.  Nevertheless, irrespective of the 
concentration  of reacting  units,  the  dilutions  employed are effective 
only provided they contain a certain minimal amount of skin-prepara= 
tory factors.  Thus, for example, the dilution  1:70 of meningococcus 
filtrate  containing  approximately  15  skin-preparatory  units  and  50 
reacting units produces no effect.  In order to obtain the reactions it 
is necessary to  employ a  dilution  of  1:45  which has  about  23  skin- 
preparatory units and  75 reacting units.  On the contrary,  the dilu- 
tion  1:200  of  B.  typhosus  filtrate  containing  25  skin-preparatory 
units  and  only 5  reacting  units  is  already  sufficient to  elicit  strong 
reactions.  It  is obvious, therefore,  that  the  ability of the bacterial 
filtrates  to  elicit  reactions in  antigen-injected  sites is strictly  condi- 
tioned by their skin-preparatory potency and seems to be independent 
of the concentration  of reacting units. 
It may be also noted from Table III that  subcutaneous treatment 
of  rabbits  with  bacterial  filtrates  1  hour  prior  to  the  test  remains 538  LOCAL  SKIN  REACTIVITY  TO  BACTERIAL  YILTRATES 
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without  effect; and  also  that  period of sensitization  of horse  serum 
shorter than 6 days is insufficient. 
In  the work described  thus far, single sites were  tested intradermally with 
horse serum.  In  the  following experiments, rabbits sensitized  to horse serum 
received simultaneously two  intradermal injections of horse serum.  Bacterial 
filtrates were injected prior to and following the test injections ~ith horse serum. 
In groups  1--4 of Table IV,  the intravenous injection of 25 reacting units, 
per kilo of body weight,  preceded these tests by 1 hour.  No reactions were 
obtained, whilst positive reactions were produced in sites of single tests of other- 
wise similar experiments (groups 1 and 2 of Table III). 
Two simultaneous  injections of horse serum preceding the injection of bacterial 
filtrate by 24 hours,  yielded reactions similar  to the single site tests  (group  5 
of Table IV compared with groups 7, 8, 14, and 15 of Table I).  This incidental 
observation is possibly  related to some  process  of local  desensitization  to  the 
anaphylactic reaction with horse serum. 
Effect of Intravenous  Injection  of Antigen  +  Antibody  Complexes 
upon  Skin  Te'sts with  Horse  Serum  in  Rabbits  Sensitized  to  Horse 
Serum.--As  previously  reported,  whilst  certain  bacterial  filtrates 
alone are capable of eliciting a  state of reactivity, potent provocative 
factors may  be  obtained  also  from  combinations  of animal  protein 
antigens with homologous antibodies.  Advantage was taken of this 
observation in order to substantiate further the above conclusion that 
the  ability  of a  bacterial  filtrate  injected  intravenously  to  produce 
reactions  at  sites  with  normal  horse  serum  in  sensitized  rabbits  is 
strictly conditioned by its skin-preparatory potency. 
Antigen +  antibody complexes employed were mixtures of anti-human horse 
serum with human serum made in proportions yielding  potent reacting factors. 
In groups 6, 7, and 8, normal rabbits were prepared by intradermal injections of 
0.25 cc. of meningococcus group I  (strain 441).1) "agar washings"  filtrates diluted 
1:2.  Rabbits of group 9 were sensitized  6 days previously by an intravenous 
injection of !  cc. horse serum and prepared by intradermal injection of 0.25 cc. 
of meningococcus group III (strain 44B.)  "agar washings"  filtrates diluted 1:2. 
24 hours after the preparatory intradermal injections rabbits of groups 7-9 re- 
ceived the above mixture of human serum with anti-human horse serum. 
As  is  seen  from Table V,  the  antigen  +  antibody mixtures were 
endowed with strong reacting potency demonstrable both in normal 
and in horse serum-sensitized rabbits.  As may be also seen from the 
experiment  of group  10,  the  same  mixtures  were  totallv  devoid  of 
skin-preparatory potency. 5~0  LOCAL  SKIN  REACTIVITY  TO  BACTERIAL  FILTRATE~ 
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After ascertaining the reacting potency of the antigen  +  antibody 
complexes, it was attempted to determine the effect of these complexes 
upon skin sites injected with horse serum in rabbits sensitized to horse 
serum 6  days previously.  As was noted  (Tables I  and III),  the in- 
travenous injection  of potent  bacterial  filtrates preceded by  1  hour 
or following after 24 hours,  the intradermal  tests with horse serum, 
invariably  resulted  in  prompt  reactions  at  sites  of  the  tests  with 
horse serum in rabbits sensitized to horse serum.  In the  experiments 
of groups  3,  4,  and  5  of Table V,  the injection of bacterial filtrates 
prior to  the  test  with  horse  serum,  or following it,  was  substituted 
by the above described antigen  +  antibody mixtures of ascertained 
reacting potency.  No reactions resulted in these experiments. 
Effect of Bacterial  Filtrates  Injected Intravascularly  upon  Reactions 
to Passively Acquired Antigen  +  Antibody  Complexes.--Inasmuch  as 
all  the  experiments  about  to  be  described  remained  consistently 
negative, only a  brief summary is given below. 
Series /.--Rabbits  received the antigen  (human  serum)  intravenously in a 
dose of 2 cc., per kilo of body weight, and 1, 6, and 23 hours later were injected 
intravenously with  25 reacting units of B. typhosus "agar washings"  filtrates. 
24 hours after the injection of the human serum (i.e., 1, 18, and 23 hours after 
injection of the  bacterial filtrate, respectively), the  animals  received a  single 
intradermal injection of 0.5 cc. of anti-human horse serum. 
Series 2.--Rabbits received the antibody (anti-human horse serum)  intrave- 
nously in a dose of 5 cc., per kilo of body weight,  and 1, 6, and 23 hours later, 
were injected intravenously with 25 reacting units of B. typhosus "agar washings" 
filtrates.  24 hours after the injection of the antibody, the animals  received a 
single intradermal injection of 0.5 cc. of human serum. 
Series 3.--In group A of this series, rabbits received human serum intrave- 
nously in a dose of 2 cc., per kilo of body weight;  in group B, the animals  re- 
ceived anti-human horse serum in a dose of 5 cc., per kilo of body weight.  After 
intervals of 1, 6, and 23 hours rabbits of both groups were injected with mixtures 
of human serum and horse serum in a proportion giving rise to a heavy precipi- 
tate.  Group A received intradermally anti-human horse serum 24 hours after 
the intravenous injection of the human serum.  Group B received intradermally 
0.5  cc. of anti-human horse serum 24 hours after the intravenous injection of 
human serum. 
Series 4.--In this series an intravenous injection of B. typhosus "agar wash- 
ings" filtrates in a dose of 25 reacting units, per kilo of body weight, preceded the 
injections of anti-human, horse, and human sera.  The order of injections of the 
sera varied in the same manner as in experiments of series 1, 2, and 3. 542  LOCAL SKIN REACTMTY  TO BACTERIAL FILTRATES 
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DISCUSSION 
The  investigations reported  in  this  and  previous papers  demon- 
strate the possibility of reproducing the phenomenon of local tissue 
reactivity to  bacterial filtrates in a  number of different ways  (Ta- 
ble YI). 
It should be strongly emphasized, however, that the following es- 
sential  characteristics  are  used  as  criteria  for  recognition  of  the 
phenomenon under discussion. 
1.  The direct effect of the material used for the preparatory in- 
jection is insignificant in the gross and completely out of proportion 
to the type and severity of reaction obtained following the intravenous 
injection of potent provocative factors. 
2.  There exists no correlation between the intensity of direct reac- 
tion to the preparatory injection and the severity of the reaction fol- 
lowing the injection of the provocative factors. 
3.  The typical reaction of the phenomenon in the gross observed 
after the provocative injection is essentially of a  hemorrhagic type 
with incidental extensive necrobiosis and  subsequent  inflammatory 
reaction of tissues  adjacent to necrotic sites.  The reaction is first 
recognized by the appearance of scattered petechiae which promptly 
become confluent and within a  few hours involve the prepared site 
with hemorrhage and necrosis of uniform severity.  The lesion is flat 
or only slightly raised provided the preliminary treatment does  not 
elicit any edema.  In the gross, this picture is clearly different from 
the Arthus  phenomenon.  The  reaction of  the latter  is  essentially 
inflammatory in nature.  During the first weeks of sensitization the 
inflammation is mild, expressing itself in swelling and redness.  The 
sixth  or  seventh  and  subsequent  weekly  test  injections  result  in 
intense  reactions  consisting  of  sizable  red  swellings  with  central 
zones  of  hemorrhage  and  necrosis.  The  reactions  develop  fully, 
usually 24 hours after the test injection. 
As may be seen from Table VI, whilst it is essential that the re- 
acting factors be present in the general circulation, the preparatory 
effect may be elicited in one of the three following ways. 
1.  Preparatory injection of active bacterial filtrate into the skin or 
parenchyma  of  internal  organs  (local  perivascular  preparation); 
dermis,  lung  (Shwartzman  (3));  liposarcoma of guinea  pig  (Gratia 546  LOCAL  SKIN  REACTIVITY  TO  BACTERIAL  :FILTRATES 
and  Linz  (4));  stomach  (Karsner,  Ecker,  and  Jackson  (5));  knee 
joint  (Moritz  and  Morley (6));  appendix (Latteri (7)); kidney (Loi 
and Cardia (8)); adrenal  (Gronchi (9)); conjunctiva (Cassuto  (10)); 
pancreas (Reitano and Lui (11)); etc. 
The optimum interval of time between the preparatory and provoc- 
ative  injections  is  24  hours,  although in  some rabbits  an interval 
as  short  as  8  hours  may be  sufficient.  The  duration  of reactivity 
induced depends on the potency and dose of the bacterial preparation 
and ordinarily disappears within 48 to 96 hours. 
2.  Injection into  the vascular system of an organ  (local vascular 
preparation).  In  1929  the  following  experiment  was  performed 
in collaboration with Baehr (Shwartzman (3)). 
Kidneys of rabbits were exposed by median laparotomy.  The left renal vein 
was damped off and 0.5 cc. of B. typhosus "agar washings" filtrate was injected 
into the left renal artery.  The damp was released 5 minutes following the in- 
jection.  The right  kidney received an injection of phenolized saline solution 
under the same conditions.  24 hours later B. typhosus "agar washings" filtrate, 
in a dose of 100 reacting units, per kilo of body weight, was injected into the 
ear vein.  24 hours after the provocative injection the left kidneys showed severe 
hemorrhagic and necrotic lesions of the cortex and medulla.  No gross lesions 
were observed in the right kidney.  Systematic histological studies were not made 
at  the time.  It was concluded from these experiments that  the preparatory 
factors are capable of eliciting a state of reactivity by way of the vascular system 
of the kidney. 
Inasmuch as the vascular system of the kidney possesses an un- 
usually high degree of permeability which may be altogether different 
from other organs, it was of interest to determine whether a  similar 
mode of preparation  could be  successfully obtained in  the rabbit's 
ear.  It was found that the state of reactivity could not be elicited 
by a preparatory intravenous injection of bacterial filtrates alone into 
clamped off and nondamped ears.  The state also failed to appear in 
combination  with  cold,  xylol,  ethyl  urethane,  pilocarpine  hydro- 
chloride,  atropine,  calcium gluconate, guinea pig liver extract,  his- 
tamine dihydrochioride, adrenalin chloride, and pituitrin. 
Preparatory intravenous injections of active principles,  however, 
were capable  of eliciting the  state  of reactivity in  the rabbit's  ear 
when they were accompanied by thermal hyperemia (i.e.,  exposure GREGORY SHWARTZ3fAN  547 
to 45  °,  50  °,  and  55°C.).  It was also possible to induce the state of 
reactivity when a  mixture  of the preparatory factors with testicular 
extract was given into the veins of damped off ears.  The incubation 
period required  may be less than  2 hours  (Shwartzman  (2)). 
As is  seen  from  the  macroscopic  and  microscopic studies  on  the 
phenomenon,  in all probability the state of reactivity takes place in 
the elements of the terminal vascular network of the tissue prepared, 
after  a  suitable  incubation  period.  Under  ordinary  conditions  of 
intravascular preparation  the contact of the preparatory factors with 
the vascular wall lasts only as long as the circulation is stopped and 
probably  ceases  when  it  is  re-established.  If,  however,  a  state  of 
enhanced  permeability  is  induced  by  means  of  testicular  extract 
(Reynals factors), a  diffusion of the bacterial factors is allowed from 
the  vascular  channels  into  the  perivascular  tissue.  A  perivascular 
depot of active principles thus created may, then, induce the state of 
reactivity through  a  contact with the local vascular network for the 
necessary length  of time. 
The natural high permeability of the kidney vascular supply may 
allow  the  perivascular  deposition  of  preparatory  factors  from  the 
circulating  blood, making it possible to elicit the state of reactivity 
by way of the  local  vascular  system without  the  use of additional 
agents. 
3.  Preparation  of organs  by a  preparatory  injection  of the bacte- 
rial  filtrate into  the general  circulation. 
Gratia and Linz (12) injected two doses of bacterial filtrate intravenously 24 
hours apart and observed hemorrhages in the internal organs in guinea pigs and 
rabbits.  Subsequently, Apitz (13) found that a single dose of filtrate, when given 
intravenously, produced similar changes in the lungs, liver, and spleen, but that 
lesions characteristic of the phenomenon were obtained in the kidneys only when 
the animals received two doses, 24 hours apart. 
Histologically,  the  renal  alterations  consisted of localized or  diffuse sym- 
metrical cortical necrosis with arterial necrosis and thrombosis, focal glomerular 
capillary thrombosis and necrosis of adjacent tubules, interstitial hemorrhage and 
isolated focal tubular necrosis.  There exists a great  similarity of the morpho- 
logical lesions observed in the skin in the phenomenon of local skin reactivity and 
in the kidneys.  The  results of recent work of Apitz  (14) suggested an almost 
complete parallelism between the two when the following  factors in each reaction 
were compared; i.e., regularity of occurrence; susceptibility of individual rabbits; $48  LOCAL  SKIN  REACTIVITY  TO  BACTERIAL  FILTRATES 
time of appearance of lesions; necessary interval  between the preparatory  and 
provocative  injections;  activity of preparations  from various  microorganisms; 
and susceptibility of animals other than rabbits. 
Gerber (15) confirmed Apitz's findings in experiments with measured doses of 
bacterial filtrates.  He found that a single injection, even though greater  than 
the sum of two injections, given 24 hours apart,  always failed to produce renal 
lesions.  The necessary interval between the two injections was 24 hours.  When 
the interval  decreased to 6 hours, or increased to 48 hours, no lesions were ob- 
tained.  However, when testicular  extract  was given simultaneously with  the 
first dose it was possible to elicit the phenomenon in the kidneys within an in- 
terval of 1 or 5 hours between the injections (Bernheim and  Gerber  (16)).  No 
doubt the same mechanism, namely, enhanced vascular permeability was opera- 
tive in both this and the ear experiments. 
It is thus evident that  the phenomenon may be obtained by pre- 
paring the tissue by way of the general circulation.  Thus far it has 
been possible to prepare  the kidney only.  This  may be  accounted 
for by the naturally high degree of permeability of this organ. 
The  state  of reactivity  of the  phenomenon  summarized  in  Table 
VI is clearly induced only by means of certain bacterial filtrates.  In 
method 14 (Table VI), rabbits were sensitized by a single intravenous 
injection of horse serum 6  days prior  to the  experiments.  In these 
rabbits there appeared hemorrhagic and necrotic reactions in sites of 
intradermal  tests with horse serum when the tests were preceded by 
1 hour or followed 18 to 24 hours later by an intravenous injection of 
potent bacterial filtrate.  From these experiments it may appear that 
the interaction of the animal protein antigen with the circulating anti- 
bodies is capable of inducing  a state of reactivity whilst the injection 
of bacterial filtrate provokes the reaction.  The evidence brought out 
in this paper indicates clearly, however, that the ability of the  bacte- 
rial filtrates to elicit reactions in the antigen-injected sites in sensitized 
animals is strictly conditioned by their skin-preparatory potency and 
seems to be quite independent of their provocative potency.  More- 
over, combinations of animal protein antigens with homologous anti- 
sera,  which are endowed with provocative potency but totally devoid 
of skin-preparatory potencies, fail to elicit reactions in antigen-injected 
sites.  It may be therefore assumed that in the above experiments the 
bacterial preparatory factors introduced into the general circulation lo- 
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substances  from  the  blood  stream  at  inflamed  sites  was  clearly 
shown  in  the  work  of  Opie  (17)  and  his  coworkers.  It  may 
be  further  admitted  that  the  bacterial  factors  thus  localized  elicit 
the state of reactivity necessary for the phenomenon under considera- 
tion.  As  pointed  out  before,  the  incubation  period  necessary  for 
elicitation  of reactivity  by way of the  vascular  route may be very 
short.  The reactive sites may then,  in turn,  react characteristically 
to  the  toxic  factors  resulting  from  the  interaction  of  the  animal 
protein  antigens  with  homologous antibodies.  In  this  modification 
the shortness of the incubation period required allows a  rapid succes- 
sion of the phase of elicitation of reactivity and a phase of production 
of the lesion.  The important point of the mechanism described here 
lies in the fact that  a  certain  state of reactivity defined by the phe- 
nomenon under consideration is elicited subsequently to the localiza- 
tion of potent bacterial filtrates from general circulation, the localiza- 
tion  by itself  by no  means  being  capable  of inducing  the  changes 
described. 
There is reported in the literature  a  number of observations deal- 
ing with so called hetero-allergic reactions in man and animals infected 
with  live  microorganisms. 
Thus, Dienes (18) describes severe hemorrhagic reactions in tuberculin-injected 
skin  sites of tuberculous  guinea pigs following a  shocking injection  with  egg 
white.  According  to Schmidt and Kraus  (19), and  de Potter (20), tuberculous 
children show general and focal reactions to injections of milk, horse serum, and 
broth.  Similarly, a number of cases of Arthus phenomenon of extreme severity 
in man is recorded by Koehler and Heilmann (21), Gatewood and Baldridge (22), 
Irish and Reynolds (23), Tumpeer and Cope (24), Ross (25), and Maroney (26). 
The  reactions  observed  consisted of severe and  extensive necrosis sometimes 
involving large surfaces.  It is of special interest  that in all these cases the pa- 
tients  suffered from  some incidental  acute  infectious disease (i.e.,  diphtheria, 
upper respiratory infection, etc.). 
Bordet (27)  has already made interesting  studies on  the relation 
of these observations to the  phenomenon  of local  skin reactivity to 
bacterial  filtrates.  An  additional  opportunity  for  the  explanation 
of the  facts is also afforded by the mechanism  of elicitation  of  the 
state  of  reactivity,  subsequently to localization  of  potent  bacterial 
factors circulating  in  the blood  stream  in  sites of allergic  and  non- 
specific inflammation  described in  this paper. 550  LOCAL SKIN REACTIVITY TO  BACTERIAL FILTRATES 
The experiments embodied in this paper seem to indicate possible 
concerted injury-producing effects of certain bacterial principles and 
nonrelated anaphylactic processes. 
SUMM4~Y AND CONCLUSIONS 
Rabbits were sensitized by a  single intravenous injection of horse 
serum 6  days prior to  the experiments.  In these rabbits  there ap- 
peared  hemorrhagic  and  necrotic reactions  in  sites  of  intradermal 
tests with horse serum when the tests were preceded by  1 hour, or 
followed 18  to  24 hours later by an intravenous injection of potent 
bacterial  filtrates.  The  skin-preparatory  and  reacting potencies of 
the filtrates were titrated by means of the phenomenon of local skin 
reactivity to bacterial filtrate.  The experiments demonstrated that 
the  ability  of  bacterial  filtrates  to  elicit  reactions  in  the  antigen- 
injected  sites  in  sensitized  animals  is  strictly  conditioned by their 
skin-preparatory potency and seems to be quite independent of their 
provocative potency.  Combinations of animal protein antigens with 
homologous antisera,  which are endowed with provocative potency 
but  are  totally  devoid  of  skin-preparatory  potency,  fail  to  elicit 
reactions in antigen-injected sites. 
The  various  methods  of  elicitation  of  the  phenomenon  of  local 
tissue reactivity are summarized and discussed in the text. 
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